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INTERCHANGE MODIFICATION STUDY

The selection of the years 2012, 2017, and 2030 as analysis years was based on the
anticipated construction schedule of the previously discussed developments. Specifically,
the construction schedule of the Biltmore PUD was a significant determining factor of the
analysis years due to the large number of trips that will be generated by this development.
The importance of each of the analysis years as they relate to the Biltmore PUD and the
proposed 1-40/McCrory Lane interchange improvements is shown below:

B 2012 - This is the latest year at which completion of Phase One of the Biltmore PUD
is expected. The Avondale, Riverwalk, Boone Trace, and Lexington Pointe
developments should reach full build-out prior to this horizon year.

B 2017 - This is the latest year at which full build-out of the Biltmore PUD is expected.
The Branstetter property may also be developed prior to this horizon year.

B 2030 - The interchange improvements may be completed by the year 2010 which
would result in a 20-year design horizon year of 2030. Based upon a possible
opening year of 2010, the year 2030 is established as the overall design year for this
project.

Table 4 below summarizes the average daily traffic on I-40 and on McCrory Lane in the
years 2004, 2012, 2017, and 2030.

TABLE 4
AVERAGE DAILY TRAFFIC SUMMARY
Average Daily Traffic
Location
2004 2012 2017 2030
Interstate 40 (east of McCrory Lane) 77,309 94,247 106,940 126,976
Interstate 40 (west of McCrory Lane) 72,053 85,714 95,964 114,638
McCrory Lane (north of Interstate 40) 4,607 7,833 10,223 11,417
McCrory Lane (south of Interstate 40) 4,959 21,282 33,928 35,213
Newsom Station Road 4,396 8,540 14,315 15,454

Average daily traffic (ADT) and design hourly volume (DHV) traffic data is contained in

Appendix A.

B. Discussion of Improvement Alternatives

Several alternative interchange configurations were developed and evaluated during this
study. The following is a discussion of alternatives considered in evaluating potential
interchange modifications at [-40 and McCrory Lane:
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1. Alternate A

Alternative A utilizes the existing McCrory Lane alignment and overpass structure
on I-40. Three of the four existing ramps would be reconstructed on new alignments
to improve intersection skews and spacing on McCrory Lane.

The eastbound access ramps, located on the south side of 1-40, would be
reconstructed so that they intersect McCrory Lane at a location approximately 350
feet south of [-40. This will allow for greater storage capacity on McCrory Lane
southbound. A new traffic signal would be installed at this intersection.

To the north of I-40 at this interchange, a new loop ramp would be constructed to
carry westbound traffic on 1-40 to McCrory Lane southbound. The existing 1-40
westbound entrance ramp in this quadrant would be relocated north of the new loop
ramp. The entrance ramp would intersect McCrory Lane at a location that aligns
with Newsom Station Road to the east. The addition of the loop ramp would allow
the existing westbound exit ramp to be modified so that only right turns onto
McCrory Lane northbound are allowed. A collector-distributor (C-D) road would
be necessary on [-40 westbound to accommodate the addition of the new loop ramp.
This improvement eliminates several conflict points on McCrory Lane. Also, the
distance between major signalized intersections on McCrory Lane would be
increased to approximately 1,250 feet, which is a desirable separation distance for
traffic signals on arterial roadways.

As part of the reconstruction of McCrory Lane, existing grades can be lowered under
1-40, which would provide acceptable clearance for vehicles on McCrory Lane. This
bridge was widened as part of maintenance work performed during the 1990's. This
structure has been rehabilitated and widened for additional lanes on 1-40, and it
would be a significant benefit of this alternative to use the existing structure. The
Tennessee Department of Transportation Structures Division estimates this bridge’s
life span to be 20 to 30 years.

In order to increase the capacity on McCrory Lane as it passes under [-40, two spans
of'the existing three-span bridge will be utilized. McCrory Lane will include a three-
lane cross section under the center span of this bridge. There will be one northbound
lane and two southbound lanes. One of the southbound lanes will be a left turn lane
at the 1-40 eastbound entrance ramp, located just south of this bridge. The new loop
ramp constructed in the northwest quadrant of the interchange will not merge into
McCrory Lane until passing through the westernmost span of the existing bridge.
Once south of the bridge, the new loop ramp will merge into McCrory Lane. This
feature will provide capacity for the projected design year traffic volumes on
McCrory Lane.

This alternative should be constructed in two phases. The first phase will include the
improvements that will provide additional capacity with minimal disruption to
existing traffic flows. These Phase One improvements will relieve the congestion
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that is expected within the next four to five years and will permanently correct some
geometric deficiencies related to intersection skews. The relief of this congestion for
the short-term will allow for the process of planning, studying, designing, and
constructing the Phase Two improvements which will have environmental and
operational impacts. A description of each of these phases is below:

B Phase One - This phase would consist of the reconstruction of the eastbound
entrance/exit ramps located south of 1-40. McCrory Lane would also be
widened to three lanes between the eastbound and westbound ramps during
this phase. Additional storage capacity would be provided on the existing
westbound exit ramp by extending the existing turning lanes to accommodate
future queues. Traffic signals would be installed on McCrory Lane at both
eastbound and westbound ramp intersections. This work would be
coordinated with and completed within the same time frame that McCrory
Lane south of 1-40 is widened to a four lane section. Construction of this
phase will begin in late 2006 and should be complete by August 2007. The
estimated cost of this phase is $3,890,500.

B Phase Two - This phase would complete the interchange improvement
project by reconstructing the westbound ramps north of 1-40. This work
would include a C-D road for the additional westbound exit ramp, the new
loop ramp for [-40 westbound traffic exiting to McCrory Lane southbound,
and the relocated westbound entrance ramp at the Newsom Station Road
intersection. Construction of this phase will begin after Phase One is open
and could be completed as soon as the year 2010 but no later the year 2012.
The estimated cost of this phase is $6,598,211.

2. Alternate B

Alternate B would relocate McCrory Lane west of the existing interchange.
McCrory Lane would have to be relocated from a point approximately 1,500 feet
north of 1-40 to a point approximately 3,800 feet south of 1-40 and create a new
location for McCrory Lane to cross 1-40. This new interchange would be located
approximately 700 feet west of the existing McCrory Lane overpass. New access
ramps to [-40 would be constructed in all four quadrants, creating a diamond
configured interchange. A new overpass would allow greater than a three-lane cross
section on McCrory Lane over 1-40.

This alternative would improve the skew that currently exists on McCrory Lane as
it travels under I-40. Also, by building a new bridge over McCrory Lane on 1-40,
capacity for vehicular movement on McCrory Lane could be increased. However,
the closely spaced signalized ramp intersections north and south of I-40 on McCrory
Lane may restrict capacity due to undesirable coordinated signal spacing and limited
storage capacity. Also, due to the nature of the topography and presence of several
streams in this area, significant earthwork and environmental impacts will exist with
alternatives that feature new interchange locations. This alternative impacts the
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existing PUD south of the interchange and the cemetery on the north side of [-40 by
relocating McCrory Lane. The cost of this alternative could be greater than $20
million. Further study would be needed to determine feasibility and appropriateness
of this alternative.

3. Alternate C (No-Build Option)

Due to the amount of development approved for this area and the forecasted traffic
volumes that will be generated by these developments, operations would quickly
deteriorate to unacceptable levels after the year 2012. Based upon the need to
provide adequate capacity on both I-40 and surface streets, the “no-build” alternative
is not a feasible, long-term option. Other items that are not addressed in this
alternative are the existing clearance issues on McCrory Lane under 1-40, the bad
skew and grades on McCrory Lane, and the unavailability of land in the future when
improvements are necessary.

C. Environmental Concerns

Preliminary review indicates possible environmental concerns related to earthwork in the
northwest quadrant of the interchange. If the interchange is relocated, the effects would be
more severe. The purpose of this Interchange Modification Study is to evaluate the
operational characteristics of this interchange and of the proposed interchange modifications.
No environmental investigations were made in conjunction with this Interchange
Modification Study.
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CHAPTER 4 - PROPOSED CONDITIONS - ALTERNATE "A"

A. Proposed Operational Performance
1. Interstate 40 Mainline Operations

Anticipated mainline freeway operations during peak travel periods will degrade as
traffic on [-40 increases during the period from 2004 to 2030. Heavy traffic volumes
oriented to the Nashville central business district (CBD) in the a.m. peak period and
away from the Nashville CBD in the p.m. peak period contribute to this operational
degradation. During off-peak hours, the level of service on the 1-40 mainline will
remain at an acceptable level.

In order to mitigate the anticipated congestion that will increase on 1-40, the portion
of I-40 between exit 196 (U.S. 70/S.R. 1) and the Davidson County/Cheatham
County boundary should be widened to include six lanes prior to 2030. Existing
bridge structures along this segment of [-40 were modified in the late 1990's to
accommodate additional travel lanes on 1-40. However, the construction of
additional lanes on 1-40 is currently not included in any long range planning
documents.

Table 5 below shows the summary of I-40 mainline capacity analysis for the design
years 2012, 2017, and 2030.

TABLE 5
ALTERNATE "A"
1-40 MAINLINE CAPACITY ANALYSIS SUMMARY
1-40 Mainline Measures of 2012 2017 2030
Segment Direction Effectiveness AM. | PM. [AM. | PM. [ AM. | P.M.
Speed (mph) - 655 | -] 654 | - | 63.6
From Exit 188 EB Density (veh/In-mi) | -@ [ 213 | -® | 242 | -@ [ 294
to Exit 192 LOS F C F C F D
(I-40 West of Speed (mph) 655 | 564 | 655 | -® | 655 | -®
McCrory Ln) WB Density (veh/In-mi) | 14.4 | 396 | 163 | -® [ 193 | -
LOS B E B F C F
Speed (mph) - 655 | - 647 | - | 608
From Exit 192 EB Density (veh/In-mi) | -@ | 232 [ -® | 27.1 | -@ [ 33.8
to Exit 196 LOS F C F D F D
(I-40 East of Speed (mph) 655 | -® | 655 -® | 655 -®
McCrory Ln) WB Density (veh/In-mi) | 14.8 | -® | 171 | -® [ 201 | -
LOS B F B F C F
() _ Indicates that the value is beyond the range of calibration of the procedure
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2. Interstate Ramp Junctions

Modifications to the ramp junctions with McCrory Lane at Interstate 40 are
scheduled to occur in two phases.

Proposed Phase I improvements to the eastbound ramps include a reconstruction and
widening of the ramps to intersect McCrory Lane at a location approximately 250
feet south of [-40. Both ramps are to remain one lane at the [-40 merge and diverge
locations, but are proposed to be widened to two lanes at the intersection with
McCrory Lane. These improvements will necessitate an additional 530 feet and 330
feet of ramp run-out space along the eastbound mainline for the off-ramp and on-
ramp, respectively. No improvements are necessary for Phase I1 construction.

Phase I improvements to the westbound ramp junctions proposes a widening of the
existing off-ramp from Interstate 40 to accommodate separate left and right turn
lanes onto McCrory Lane with no modifications necessary at the diverge location
from the mainline. No change for the westbound on-ramp to Interstate 40 is
scheduled in this phase of construction. In order to accommodate the Biltmore PUD
development at full build-out for Phase I1, significant modifications will be necessary
at the westbound Interstate 40 ramp junctions. A loop ramp is proposed to be
constructed in the northwest corner of the interchange that will allow the heavy
inbound traffic from Interstate 40 to move freely onto southbound McCrory Lane.
This work would include a C-D road for the additional westbound exit ramp with the
off-ramp exit gore relocated upstream by approximately 550 feet. The C-D road will
continue for approximately 300 more feet to a diverge location with a left lane for
southbound McCrory Lane and a right lane for northbound McCrory Lane. Changes
to the existing westbound on-ramp include a relocation to the McCrory Lane at
Newsom Station Road intersection with an additional 920 feet of ramp run-out space
at the merge point with the mainline. The existing Interstate 40 westbound off-ramp
should be modified so that only a right turn onto McCrory Lane can be made.

Table 6 provides the ramp capacity analysis at the merge and diverge locations for
both directions on Interstate 40 in three design years.

Interstate 40 at McCrory Lane 17
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TABLE 6

ALTERNATE "A"

INTERSTATE 40 RAMP CAPACITY ANALYSIS RESULTS

1-40 EB Exit Ramp
to McCrory Lane

. Measure of 2012 2017 2030
P Effectiveness AM. | PM. | AM. | PM. | AM. | P.M.
Speed (mph) 572 | 572 | 569 | 230 | 568 | 56.7

Density (pc/mi/In) 40.3 23.7 443 453 534 31.9
LOS F C F F F D

1-40 EB Entrance

Speed (mph) 40.0 | 61.0 | 568 | 59.0 | 49.0 | 57.0

1-40 WB Exit Ramp
to McCrory Lane

Ramp Density (pc/mi/In) 41.2 22.8 27.0 26.1 36.7 30.7
from McCrory Lane
LOS F C C C F D
Speed (mph) 57.2 55.6 56.8 54.9 56.8 54.5

Density (pe/mi/ln) | 164 | 444 | -134 | 175 | -10.0 | 26.9
LOS B F A F A F

1-40 WB Entrance
Ramp
from McCrory Lane

Speed (mph) 620 | 540 | 63.0 | 490 | 62.0 | 25.0
Density (pc/mi/In) 136 | 335 | 134 | 353 | 164 | 428
LOS B D B F B F

The proposed modifications to the westbound exit ramp in Phase Two will create a
weave situation south of Newsom Station Road by terminating the ramp into a right
turn only lane. The distance between the ramp junction with McCrory Lane and
Newsom Station Road will be approximately 400 feet. At the request of TDOT and
FHWA staff, we have modeled this weave situation and developed/evaluated two
alternative designs for this location. A brief discussion of each of these alternative
design is included below:

B

Alternative Design 1: This alternative would include modifying the right turn
only lane at Newsom Station Road into a through-right lane. This lane would
be extended along McCrory Lane north of Newsom Station for an
appropriate lane drop distance. The cost of adding this alternative to Phase
Two would be approximately $140,000.

Alternative Design 2: This alternative would include the removal of the
westbound exit ramp to northbound McCrory Lane. All westbound exiting
traffic would use the new loop ramp to access either McCrory Lane or
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Newsom Station Road. The cost of adding this alternative to Phase Two
would likely exceed $1,000,000.

This situation and possible alternative designs were modeled using traffic simulation
software. The results of the simulations in year 2030 conditions, including the
average delay, speed, and maximum queues on the portion of McCrory Lane
northbound between the westbound exit ramp and Newsom Station Road, are shown
in table 7 below.

TABLE 7

ALTERNATIVE “A”

McCRORY LANE WEAVE ANALYSIS

Year 2030
Condition Location El\f/[feaS}l re of
ectiveness A.M. P.M.
Northbound on Avg. Delay (sec./veh.) 13.4 13.5
McCrory Lane between
As Proposed WB I1-40 Exit Ramp and Avg. Speed (mph) 14 14
Newsom Station Road Max. Queue (ft.) 150 336
Northbound on Avg. Delay (sec./veh.) 14.1 11.2
Alternative | McCrory Lane between
Design 1 WB [-40 Exit Ramp and Ave. Speed (mph) 14 15
Newsom Station Road Max. Queue (ft.) 144 353
Avg. Delay (sec./veh.) 21.6 504.5
Alternative All McCrory Lane
. traffic exiting Avg. Speed (mph) 17 13
Design 2
to Loop Ramp
Max. Queue (ft.) 114 1,212

Based upon the model results from above, the proposed design and the Alternative
Design 1 will experience comparable delays on McCrory Lane and the I-40
westbound exit ramp. However, the maximum queues expected with Alternative
Design 1 are less than those expected with the proposed design. Alternative Design
2 could add significant cost to the project and would increase delays and queue
lengths, particularly in the p.m. design hour. For this location, the preferred option
for construction is Alternative Design 1.

3. McCrory Lane Corridor

Operations on McCrory Lane are expected to degrade with the build-out of the
Biltmore development. Proposed changes to the westbound off ramp to McCrory
Lane southbound are to relocate it to loop around and pass under the western span
of the Interstate 40 bridge before merging into the existing southbound lane on

Interstate 40 at McCrory Lane 19



INTERCHANGE MODIFICATION STUDY

McCrory Lane. This would convert the movement that now occurs as a westbound
left turn at the ramp terminal intersection to a westbound right merge south of the
bridge. This feature will provide capacity for the projected design year traffic
volumes on McCrory Lane as well as increase the distance between major signalized
intersections on McCrory Lane to approximately 1,250 feet, which is a desirable
separation distance for traffic signals on arterial roadways. The existing [-40
westbound entrance ramp would be relocated north of the new loop to intersect
McCrory Lane at a location that aligns with Newsom Station Road to the east.

Due to the changes in interchange configuration, operations on McCrory Lane are
expected to remain at satisfactory levels in the 2012, 2017, and 2030 design years.
Table 8 displays the expected capacity analysis for signalized intersections along
McCrory Lane.

TABLE 8

ALTERNATE "A"

INTERSECTION CAPACITY ANALYSIS RESULTS

Level-of-Service
(Delay - sec./veh.)
Location Control 2012 2017 2030
A.M. P.M. A.M. P.M. A.M. P.M.
McCrory Lane at .
Newsom Station Road Signal [ C(32.2) | B(11.9) | B(16.9) | B (12.6) | C (21.3) | B(19.6)
McCrory Lane at . m o) M _(m
1-40 Westbound Ramps Signal | B (14.5) | B(14.7) )
McCrory Lane at .
1-40 Eastbound Ramps Signal | B(14.1) | B(11.8) [ B(17.6) | C(26.7) | B(19.7) | C (33.6)

()~ Ramps relocated in Phase Two

B.

Proposed Design Controls and Safety Conditions

The proposed interchange modifications will correct several substandard design and safety

features that have previously been identified within this document.

Specifically, the

following items will be addressed:

B

Intersection skews on the 1-40 entrance/exit ramps and McCrory Lane will be
improved. The I-40 eastbound ramps will intersect McCrory Lane at 90 degrees.
The westbound entrance ramp will be relocated to the existing intersection of
McCrory Lane and Newsom Station Road. The proposed skew at this intersection
will meet current design guidelines.
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INTERCHANGE MODIFICATION STUDY

C.

B Acceleration lane and taper lengths will be increased to meet AASHTO Interstate
Design guidelines. The length of existing acceleration lanes may not meet current
accepted design guidelines.

In addition to correcting the substandard design features mentioned above, the future access
control needs on McCrory Lane south of the [-40 eastbound ramps should be studied.
Critical design elements necessary to provide safe and acceptable operation on this roadway
segment should be identified. The following access control guidelines will be implemented
on McCrory Lane:

B Minimum distance between intersections will be 600 feet.
B Signal spacing will be between 1,250 feet and 1,500 feet.

Based upon these guidelines, drivers will have a minimum of 600 feet to select their lane
after passing south of the I-40 eastbound ramps. The first traffic signal will be located no
closer than 1,250 feet to the intersection of McCrory Lane and the 1-40 eastbound ramps.
This control of access and spacing of traffic signals should allow vehicles adequate
opportunity to select appropriate lanes for their route of travel. The location of McCrory
Lane and spacing of intersections in relationship to Interstate 40 and the Biltmore PUD can
be seen in Figure 3, shown previously in this study.

Cost
1. Phase One

Phase One consists of the relocation and widening of the eastbound exit ramp, the
widening and minor relocation of the eastbound entrance ramp, the widening of
McCrory Lane, and the widening of the westbound exit ramp. The total estimated
cost for Phase One, including construction, right-of-way, and utility relocation costs,
is $3,890,500.

2. Phase Two

Phase Two consists of the reconstruction of the westbound exit ramp in the northeast
quadrant of the interchange, the new construction of the loop ramp and westbound
entrance ramp in the northwest quadrant of the interchange, and improvements to the
intersection of McCrory Lane and Newsom Station Road. The total estimated cost
for Phase Two, including construction, right-of-way, and utility relocation costs, is
$6,598,211.

Cost data sheets are included in Appendix E.
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D. Access Point Policy Investigation

This analysis was undertaken in accordance with the Federal Highway Administration’s
(FHWA) policy for granting new or revised interstate access. The FHWA policy is
described in FHWA Docket No. 98-3460, “Additional Interchanges to the Interstate
System,” (Federal Register 63, No. 28, February 11, 1998). This analysis was conducted to
demonstrate the impacts of a revised access point as opposed to providing a new access point
to the interstate system. The FHWA requirements are provided in italics along with
responses to those identified items.

1t is in the national interest to maintain the Interstate System to provide the highest level of
service in terms of safety and mobility. Adequate control of access is critical to providing
such service. Therefore, new or revised access points to the existing Interstate System should
meet the following requirements:

1. The existing interchanges and/or local roads and streets in the corridor can neither
provide the necessary access nor be improved to satisfactorily accommodate the
design-year traffic demands while at the same time providing the access intended by
the proposal.

The proposed improvements are to the existing interchange. No additional access points to
the interstate system are proposed. The proposed modifications consist of changes to ramps
and ramp terminals. The only relevant change to have any effect on I-40 mainline traffic
would be the changes for the westbound off-ramp. It is proposed to relocate this ramp gore
upstream to the east in order to accommodate a single new off-ramp terminal onto McCrory
Lane. Improvements to other ramp gores would be limited to reconstruction and will comply
with current design standards.

Without the proposed modifications, the interchange at Interstate 40 and McCrory Lane will
not provide a satisfactory level-of-service in future years. Significant queues and long
delays are expected without the proposed improvements.

2. All reasonable alternatives for design options, location and transportation system
management type improvements (such as ramp metering, mass transit, and HOV
facilities) have been assessed and provided for if currently justified, or provisions
are included for accommodating such facilities if a future need is identified.

Interchange modifications are necessary to accommodate projected traffic demands. The
deficiencies associated with the existing ramp terminals cannot be adequately addressed
through transportation demand management (TDM) strategies such as ramp metering and
improved mass transit. Transit service does not exist in the area. A park-and-ride lot is
currently located at exit 196 (U.S. 70/S.R. 1). These TDM measures could reduce the traffic
congestion in the area, although not to the extent that would preclude the need for the
proposed improvements. The construction of additional lanes on 1-40 is currently not
included in any long range planning documents; however, expansion of the interstate in the
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Introduction

McCrory Lane generally runs in a north-south direction from U.S. 70/S.R. 1 to S.R. 100 in Davidson
County, Tennessee. A full diamond interchange with 1-40 is located on the northern section of
McCrory Lane. Specifically, the Biltmore Planned Unit Development (P.U.D.) contains over 1,000
acres of land and will include 800,000 square feet of commercial uses and 1,400 residential uses.
With existing traffic volumes on McCrory Lane in excess of 7,000 vehicles daily, the need for
improvements along McCrory Lane and at the [-40 interchange is expected as growth in the area
continues. As part of our work with the Biltmore P.U.D., Ragan-Smith has generated traffic
volumes and analysis for two future horizons.

Existing Traffic Volumes

Existing traffic in the a.m. and p.m. peak hours of a weekday was counted by Ragan-Smith during
November 2004. TDOT annual traffic count stations on McCrory Lane were used to establish
existing daily traffic conditions. The daily traffic on McCrory Lane and peak hour traffic at the [-40
interchange on McCrory Lane are shown in the attached figures. As can be seen from the figures,
average daily traffic volumes (ADT) are as follows:

RAGAN-SMITH-ASSOCIATES, INC. » 315 WOODLAND ST. P.O. BOX 60070 NASHVILLE, TN 37206 « (615) 244-8591 - WWW.RAGANSMITH.COM
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» Avondale - The Avondale development is located east of McCrory Lane and south of the
Biltmore P.U.D. Avondale will include 571 residential units. The Avondale development
was assumed to be at full build-out in both the 2012 and 2017 horizon years.

TABLE 3
AVONDALE
TRIP GENERATION
A.M. Peak Hour P.M. Peak Hour
Year Daily
Enter Exit Total Enter Exit Total
2012 5,166 102 307 409 324 190 514
2017 5,166 102 307 409 324 190 514

» Riverwalk, Lexington Pointe, and Boone Trace - These developments are all being
constructed on Newsom Station Road approximately 4,000 feet east of McCrory Lane.
Within these three developments, there are 247 residential units that have not yet been built.
The completion of the remaining units was assumed to be completed in both the 2012 and

2017 horizon years.
TABLE 4
RIVERWALK, LEXINGTON POINTE, & BOONE TRACE
TRIP GENERATION
Year Daily A.M. Peak Hour P.M. Peak Hour
Enter Exit Total Enter Exit Total
2012 2,246 40 133 173 144 82 226
2017 2,246 40 133 173 144 82 226

* Branstetter Property - The Branstetter property is located on Newsom Station Road east of
McCrory Lane and north of [-40. Commercial retail and convenience market land uses are
planned for this property. The Branstetter property will include approximately 115,000 GSF
at full build-out. The 2012 horizon year does not include any development on the
Branstetter property. The 2017 horizon year includes the full build-out of the Branstetter

property.
TABLE 5
BRANSTETTER PROPERTY
TRIP GENERATION
Year Daily AM. Peak Hour P.M. Peak Hour
Enter Exit Total Enter Exit Total

2012 - - - - - - -
2017 4,254 38 38 76 142 141 283
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A figure showing the location of the developments is attached to this memo. Table 6 below shows
the total trips generated by the specific developments considered in the generation of traffic volumes
at the interchange of Interstate 40 and McCrory Lane.

TABLE 6
TOTAL STUDY AREA
TRIP GENERATION
. A.M. Peak Hour P.M. Peak Hour

Year Daily

Enter Exit Total Enter Exit Total
2012 23,864 546 863 1,409 1,201 1,012 2,213
2017 43,742 951 1,293 2,244 1,918 1,673 3,591

Annual Growth

TDOT historical ADT traffic counts and information from the Nashville Area Metropolitan Planning
Organization’s (MPO) transportation model was used to calculate an annual growth rate to be used.
The purpose of the annual growth rate is to account for unexpected growth due to small scale
development and/or general population growth. Historical traffic count data for two TDOT count
stations located on McCrory Lane is shown below in Table 7.

The data presented above shows that traffic on McCrory Lane increased approximately 3.5 percent

TABLE 7
TDOT HISTORICAL TRAFFIC COUNT DATA
Year Davidson County Davidson County
Station 121 @ Station 125 @

1995 2,839 1,583
1996 3,069 1,872
1997 3,779 2,036
1998 3,803 2,066
1999 4,241 2,947
2000 3,379 2,519
2001 4,189 2,998
2002 4,441 3,347
2003 4,565 2,956
2004 4,606 3,043
2005 4,662 3,388

() _ Located on McCrory Lane north of Newsom Station Road

@ _ Located on McCrory Lane south of Poplar Creek Road

per year between 1995 and 2005.
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The Nashville Area MPO’s transportation model indicates that traffic on McCrory Lane will
increase from 6,673 vehicles per day (vpd) in 2002 to 10,103 vpd in 2016 and eventually 15,802 vpd
in 2025. These growth projections translate into an annual growth of 3.75 percent per year between
2002 and 2025.

Based on the TDOT historical traffic counts and Nashville Area MPO projections, an annual growth
rate of 3.5 percent would be appropriate for the McCrory Lane area. However, the specific
developments previously discussed are significant components of the future growth in this area.
These developments alone contribute the equivalent of 11.1 percent growth per year to the roadways
in the area.

Therefore, based upon the above, we will include additional unexpected growth due to small scale
development and/or general population growth by increasing existing traffic by 1.5 percent annually
for the period from 2004 to 2017.

Projected traffic volumes for the year 2030 were calculated by increasing 2017 base traffic volumes
by 1.5 percent annually for the period from 2017 to 2030. Traffic generated by the specific
developments mentioned previously was applied to the 2030 base volumes to develop traffic
volumes for the year 2030 horizon.

Traffic Distribution and Assignment

Traffic volumes for the specific developments in the area were distributed throughout the roadway
network. Generally, these distribution percentages were derived from existing traffic flows and the
location of work and residential attractions in the region.

The attached figures show ADT’s and DHV’s for the existing traffic, the 2012 horizon year, the
2017 horizon year, and the 2030 horizon year.

Traffic Analysis

Intersection Capacity Analysis

Capacity analyses were run on the following intersections for the existing traffic, the 2012 horizon
year, the 2017 horizon year, and the 2030 horizon year.

* McCrory Lane at Newsom Station Road
* McCrory Lane at [-40 Westbound Ramps
* McCrory Lane at [-40 Eastbound Ramps

The results of the capacity analyses are shown below in Table 8.
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TABLE 8
INTERSECTION CAPACITY ANALYSIS RESULTS
; Level-of-Service
Intersection H;){rlzon Control
car A.M. P.M.
2004 Signal A A
McCrory Lane at 2012 Signal C B
Newsom Station Road 2017 Signal B B
2030 Signal C B
2004 Unsignalized | C/A/A® | C/B/A®
McCrory Lane at 1-40 2012 Signal B B
Westbound Ramps 2017 _© e e
2030 -@ -@ e
2004 Unsignalized | F/A/A® C/A/A®
McCrory Lane at 1-40 2012 Signal B
Eastbound Ramps 2017 Signal B
2030 Signal B
-WBL/WBTR/NBLT
@ _ Phase II interchange modifications result in removal of this intersection
@ _EBL/EBTR/SBLT

As part of the intersection capacity analysis process, 95 percentile queue lengths were calculated at
intersections along McCrory Lane. Several significant locations were checked to determine the
adequacy of available storage capacity. Specifically, the queue lengths on 1-40 exit ramps and on
McCrory Lane between 1-40 access ramp intersections were evaluated.

A summary of 95 percentile queue lengths and available storage for the [-40 exit ramps is shown
below in Table 9A.
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TABLE 9A
I-40 EXIT RAMP 95% QUEUES
, Horizon 95% Queue Length (ft.) Available
Location Y St ft
ear A.M. Peak Hour | P.M. Peak Hour | Storage (ft.)
2004 53/13® 3/30 -
M M
1-40 Eastbound 2012 44 /54 29760 500
Exit Ramp 2017 61/ 114 64 /340 500
2030 69/172® 84 /4410 500
2004 5/90 27/560 -
) )
1-40 Westbound 2012 229 /55 313/95 500
Exit Ramp 2017 e ) )
2030 -@ -@ e
(- Left Turn / Right Turn
@ _ Interchange modification creates additional lanes and free-flow operation

A summary of 95 percentile queue lengths and available storage for McCrory Lane within the limits
of the I-40 interchange is shown below in Table 9B.

TABLE 9B
McCRORY LANE 95% QUEUES
. Horizon 95% Queue Length (ft.) Available
Location .
Year A.M. Peak Hour | P.M. Peak Hour | Storage (ft.
2004 44 10 ;
(1) )]
McCrory Lane SB 2012 136 /83 55/92 250/ 750
at1-40 EB Ramps 2017 240/ 54O 144/1130 | 2509/ 1353
2030 261/67M 200/182 ™ 250 @/ 1353
2004 5 6 -
)] (1)
McCrory Lane NB 2012 184 /1 178 /11 200/ 750
at [-40 WB Ramps 2017 _( _(M Q)
2030 - M O




04-110
7676

Technical Project Memo
Pasc § RAGAN-SMITH

October 13, 2005

TABLE 9B
McCRORY LANE 95% QUEUES
: Horizon 95% Queue Length (ft.) Available
Location Y St ft
ear A.M. Peak Hour | P.M. Peak Hour orage (ft.)
2004 36 51 -
McCrory Lane NB 2012 127 205 575
at Newsom Station
Road 2017 47 /32 41 /144 200/ 575
2030 83/18 152 /244 200/ 575

()~ Left Turn / Through Movement
@ _ Interchange modification creates additional lanes and free-flow operation
@ _ Double left turn lanes: one lane with 250' storage, one lane with >400' storage

Interstate Capacity Analysis

Capacity analyses were run on segments of Interstate 40 near McCrory Lane to determine the
existing operational level of service and to assess the impact of future growth to operations on
Interstate 40. The results of the capacity analyses are shown below in Table 10.

TABLE 10
INTERSTATE CAPACITY ANALYSIS
Horizon Level-of-Service
Segment Y
ear A.M. P.M.

2004 B D
1-40 WB 2012 B F
East of McCrory Lane 2017 B .
2030 C F
2004 A D
1-40 WB 2012 B D
at McCrory Lane 2017 B .
2030 B F
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TABLE 10
INTERSTATE CAPACITY ANALYSIS

Horizon Level-of-Service

Segment Y

ear A.M. P.M.

2004 B D
1-40 WB 2012 b E
West of McCrory Lane 2017 B F
2030 C F
2004 D B
1-40 EB 2012 F ¢
Wwest of McCrory Lane 2017 F C
2030 F D
2004 D B
1-40 EB 2012 E ¢
at McCrory Lane 2017 E C
2030 F C
2004 E B
1-40 EB 2012 F ¢
East of McCrory Lane 2017 F D
2030 F D

Interstate Ramp Analysis

An evaluation of the ramp-freeway junction influence area with capacity checks for major merge
and diverge situations was performed for existing ramp junction conditions and future horizon year
ramp junctions. The methodology for analysis of ramp-freeway junctions is found in Chapter 25
of the Highway Capacity Manual. Ramp capacity and level of service results are shown in Table

11 below.
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TABLE 11

INTERSTATE RAMP ANALYSIS

Ramp

Horizon

Level-of-Service

Year

AM.

P.M.

[-40 WB Exit Ramp

2004

D

2012

2017

2030

[-40 WB Entrance Ramp

2004

2012

2017

2030

1-40 EB Exit Ramp

2004

2012

2017

2030

1-40 EB Entrance Ramp

2004

2012

2017

2030
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BASIC FREEWAY SEGMENTS WORKSHEET

Vv, - Flow rate
LOS
DDHYV - Directional design hour volume

- Level of service

FFS - Free-flow speed
BFFS - Base free-flow speed

= . —— < 7
£ 0 pree o Speed FIS = T il —— T ,:_Iiuﬂ_h_:_ .7 Application Input Qutput
E ! BE riih_| £ T “—}% o Operational [LOS) FFS, B, w, L0s, 5. D
w0 50 i - (5D “‘"*-‘“s{\\ Design (M) FFS, LOS, v, M, 5D
& i NE "'\\\\ Design (v,) FFS, LOS, N w50
T " = K r r [ e
% - N e 5 N Plarining (LOS) FFS, N, AADT L0S, 5, D
# 10 -;ﬁ’_ . s < e - Planning () FF3. LOS, AADT N5 D
s SO A VT L - Planning (¢} FFS, LOS, N ¥, S D
5 W ﬁ“?}r_\‘ﬁ L Y ol 9 %! I
= 0 400 300 1200 TG00 2000 2400
Flowe Rate: {pefhiin)
General Information [Site Information
IAnalyst AJB Highway/Direction of Travel 1-40 Westbound
IAgency or Company RSA From/To I-40 @ McCrory Exit Ramp
Date Performed 10/5/2005 Jurisdiction Davidson County, TN
[Analysis Time Period AM Peak Hour Analysis Year 2004 Existing Traffic
Project Description  Biltmore
¥ Oper.(LOS) ™ Des.(N) ™ Planning Data
Flow Inputs
\Volume, V 1165 veh/h Peak-Hour Factor, PHF 0.92
AADT veh/day %Trucks and Buses, P; 12
Peak-Hr Prop. of AADT, K %RVs, P 3
Peak-Hr Direction Prop, D General Terrain: Rolling
DDHV = AADT x K x D veh/h Grade % Length mi
Driver type adjustment 1.00 Up/Down %
Calculate Flow Adjustments
fp 1.00 Eg 2.0
E; 25 fly = VIL+P(Er - 1) + Pr(Eg - 1)] 0.826
Speed Inputs Calc Speed Adj and FFS
Lane Width 12.0 ft .
Rt-Shoulder Lat. CI 6.0 ft f o0 mi
-Shoulder Lat. . earance . e 0.0 mi/h
Interchange Density 0.50 I/mi ,
fio 0.0 mi/h
Number of Lanes, N 2 ‘ _
FFS (measured) mi/h N 45 mi/h
Base free-flow Speed, BFFS 70.0 mi/h FFS 65.5 mi/h
LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) i
v_=(V or DDHV)/(PHF x N xf_  xf) 766 /h/l Design LOS
= c/h/in
p Hv % Tp P v, = (V or DDHV) / (PHF x N X fy, xT.) pc/h
S 65.5 mi/h )
D=v /S 1.7 c/mill mi/h
=v . mi/ln
b p D=Vp/S pc/mi/in
LOS B i
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed o .
) Ex - Exhibits23-8, 23-10 fLW - Exhibit 23-4
V- Hourly volume D - Density

E - Exhibits 23-8, 23-10, 23-11
fp - Page 23-12

LOS, S, FFS, Vp - Exhibits 23-2, 23-3

f, . - Exhibit 23-5
f,, - Exhibit 23-6
fi, - Exhibit 23-7
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BASIC FREEWAY SEGMENTS WORKSHEET

Vv, - Flow rate
LOS
DDHYV - Directional design hour volume

- Level of service

FFS - Free-flow speed
BFFS - Base free-flow speed

= . —— < 7
£ 0 pree o Speed FIS = T il —— T ,:_Iiuﬂ_h_:_ .7 Application Input Qutput
E ! BE riih_| £ T “—}% o Operational [LOS) FFS, B, w, L0s, 5. D
w0 50 i - (5D “‘"*-‘“s{\\ Design (M) FFS, LOS, v, M, 5D
& i NE "'\\\\ Design (v,) FFS, LOS, N w50
T " = K r r [ e
% - N e 5 N Plarining (LOS) FFS, N, AADT L0S, 5, D
# 10 -;ﬁ’_ . s < e - Planning () FF3. LOS, AADT N5 D
s SO A VT L - Planning (¢} FFS, LOS, N ¥, S D
5 W ﬁ“?}r_\‘ﬁ L Y ol 9 %! I
= 0 400 300 1200 TG00 2000 2400
Flowe Rate: {pefhiin)
General Information [Site Information
IAnalyst AJB Highway/Direction of Travel 1-40 Westbound
IAgency or Company RSA From/To I-40 @ McCrory Exit Ramp
Date Performed 10/5/2005 Jurisdiction Davidson County, TN
[Analysis Time Period PM Peak Hour Analysis Year 2004 Existing Traffic
Project Description  Biltmore
¥ Oper.(LOS) ™ Des.(N) ™ Planning Data
Flow Inputs
\Volume, V 3182 veh/h Peak-Hour Factor, PHF 0.92
AADT veh/day %Trucks and Buses, P; 12
Peak-Hr Prop. of AADT, K %RVs, P 3
Peak-Hr Direction Prop, D General Terrain: Rolling
DDHV = AADT x K x D veh/h Grade % Length mi
Driver type adjustment 1.00 Up/Down %
Calculate Flow Adjustments
fp 1.00 Eg 2.0
E; 25 fly = VIL+P(Er - 1) + Pr(Eg - 1)] 0.826
Speed Inputs Calc Speed Adj and FFS
Lane Width 12.0 ft .
Rt-Shoulder Lat. CI 6.0 ft f o0 mi
-Shoulder Lat. . earance . e 0.0 mi/h
Interchange Density 0.50 I/mi ,
fio 0.0 mi/h
Number of Lanes, N 2 ‘ _
FFS (measured) mi/h N 45 mi/h
Base free-flow Speed, BFFS 70.0 mi/h FFS 65.5 mi/h
LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) i
v_=(V or DDHV)/(PHF x N xf ., xf) 2093 /h/l Design LOS
= c/h/in
p Hv % Tp P v, = (V or DDHV) / (PHF x N X fy, xT.) pc/h
S 60.0 mi/h )
=v . mi/ln
b p D=Vp/S pc/mi/in
LOS D i
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed o .
) Ex - Exhibits23-8, 23-10 fLW - Exhibit 23-4
V- Hourly volume D - Density

E - Exhibits 23-8, 23-10, 23-11
fp - Page 23-12

LOS, S, FFS, Vp - Exhibits 23-2, 23-3

f, . - Exhibit 23-5
f,, - Exhibit 23-6
fi, - Exhibit 23-7
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BASIC FREEWAY SEGMENTS WORKSHEET

Vv, - Flow rate
LOS
DDHYV - Directional design hour volume

- Level of service

FFS - Free-flow speed
BFFS - Base free-flow speed

E - Exhibits 23-8, 23-10, 23-11
fp - Page 23-12

LOS, S, FFS, Vp - Exhibits 23-2, 23-3

g4 : =75 il 7 « ’
£ 0 pree o Speed FIS = T il —— T ,:_Iiuﬂ_h_:_ .7 Application Input Qutput
E ! BE riih_| £ T “—}% o Operational [LOS) FFS, B, w, L0s, 5. D
w0 50 i - (5D “‘"*-‘“s{\\ Design (M) FFS, LOS, v, M, 5D
& i NE "'\\\\ Design (v,) FFS, LOS, N w50
T " = K r r [ e
% - N e 5 N Plarining (LOS) FFS, N, AADT L0S, 5, D
# 10 -;ﬁ’_ . s < e - Planning () FF3. LOS, AADT N5 D
s SO A VT L - Planning (¢} FFS, LOS, N ¥, S D
5 W ﬁ“?}r_\‘ﬁ L Y ol 9 %! I
= 0 400 300 1200 TG00 2000 2400
Flowe Rate: {pefhiin)
General Information [Site Information
IAnalyst AJB Highway/Direction of Travel 1-40 Westbound
IAgency or Company RSA From/To 1-40 @ McCrory Bridge
Date Performed 10/5/2005 Jurisdiction Davidson County, TN
[Analysis Time Period AM Peak Hour Analysis Year 2004 Existing Traffic
Project Description  Biltmore
¥ Oper.(LOS) ™ Des.(N) ™ Planning Data
Flow Inputs
\Volume, V 1057 veh/h Peak-Hour Factor, PHF 0.92
AADT veh/day %Trucks and Buses, P; 12
Peak-Hr Prop. of AADT, K %RVs, P 3
Peak-Hr Direction Prop, D General Terrain: Rolling
DDHV = AADT x K x D veh/h Grade % Length mi
Driver type adjustment 1.00 Up/Down %
Calculate Flow Adjustments
fp 1.00 Eg 2.0
E; 25 fly = VIL+P(Er - 1) + Pr(Eg - 1)] 0.826
Speed Inputs Calc Speed Adj and FFS
Lane Width 12.0 ft .
Rt-Shoulder Lat. CI 6.0 ft f o0 mi
-Shoulder Lat. . earance . e 0.0 mi/h
Interchange Density 0.50 I/mi ,
fio 0.0 mi/h
Number of Lanes, N 2 ‘ _
FFS (measured) mi/h N 45 mi/h
Base free-flow Speed, BFFS 70.0 mi/h FFS 65.5 mi/h
LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) i
v_=(V or DDHV)/(PHF x N xf ., xf) 695 /h/l Design LOS
= c/h/in
p Hv % Tp P v, = (V or DDHV) / (PHF x N X fy, xT.) pc/h
S 65.5 mi/h )
D=v /S 10.6 c/mill mi/h
=v ) mi/ln
b p D=Vp/S pc/mi/in
LOS A i
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed o .
) Ex - Exhibits23-8, 23-10 fLW - Exhibit 23-4
V- Hourly volume D - Density

f, . - Exhibit 23-5
f,, - Exhibit 23-6
fi, - Exhibit 23-7
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BASIC FREEWAY SEGMENTS WORKSHEET
z # FrooFlo Sjseed] FES = 75 it g < i
£ 0 e i [ w7 Application Input Qutput
E ! BE riih_| £ T “—}% o Operational [LOS) FFS, B, w, L0s, 5. D
w0 50 i - (5D “‘"*-‘“s{\\ Design (M) FFS, LOS, v, M, 5D
& i NE "'\\\\ Design (v,) FFS, LOS, N w50
T " = K r r [ e
% - N e 5 N Plarining (LOS) FFS, N, AADT L0S, 5, D
# 10 -;ﬁ’_ . s < e - Planning () FF3. LOS, AADT N5 D
o 9 N I o Planning (v} FFS, LOS, M v.5 0
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= 0 400 300 1200 TG00 2000 2400
Flowe Rate: {pefhiin)
General Information [Site Information
IAnalyst AJB Highway/Direction of Travel 1-40 Westbound
IAgency or Company RSA From/To 1-40 @ McCrory Bridge
Date Performed 10/5/2005 Jurisdiction Davidson County, TN
[Analysis Time Period PM Peak Hour Analysis Year 2004 Existing Traffic
Project Description  Biltmore
¥ Oper.(LOS) ™ Des.(N) ™ Planning Data
Flow Inputs
\Volume, V 2730 veh/h Peak-Hour Factor, PHF 0.92
AADT veh/day %Trucks and Buses, P; 12
Peak-Hr Prop. of AADT, K %RVs, P 3
Peak-Hr Direction Prop, D General Terrain: Rolling
DDHV = AADT x K x D veh/h Grade % Length mi
Driver type adjustment 1.00 Up/Down %
Calculate Flow Adjustments
fp 1.00 Eg 2.0
E; 25 fly = VIL+P(Er - 1) + Pr(Eg - 1)] 0.826
Speed Inputs Calc Speed Adj and FFS
Lane Width 12.0 ft fl 0.0 mi/h
Rt-Shoulder Lat. (?Iearance 6.0 ft fle 00 mi/h
Interchange Density 0.50 I/mi ,
fio 0.0 mi/h
Number of Lanes, N 2 ‘ _
FFS (measured) mi/h N 45 mi/h
Base free-flow Speed, BFFS 70.0 mi/h FFS 65.5 mi/h
LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) i
v_=(V or DDHV)/(PHF x N xf ., xf) 1795 /h/l Design LOS
= c/h/in
p Hv % Tp P v, = (V or DDHV) / (PHF x N X fy, xT.) pc/h
S 64.4 mi/h )
D=v /S 27.9 c/mill mi/h
=v . mi/ln
b p D=Vp/S pc/mi/in
LOS D i
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed o .
) Ex - Exhibits23-8, 23-10 fLW - Exhibit 23-4
V- Hourly volume D - Density . -
E; - Exhibits 23-8, 23-10, 23-11 f_c - Exhibit 23-5
v_ - Flow rate FFS - Free-flow speed o
P . f - Page 23-12 f, - Exhibit 23-6
LOS - Level of service BFFS - Base free-flow speed P o .
) ] ) LOS, S, FFS, v_ - Exhibits 23-2, 23-3 fID - Exhibit 23-7
DDHYV - Directional design hour volume P
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BASIC FREEWAY SEGMENTS WORKSHEET

Vv, - Flow rate
LOS
DDHYV - Directional design hour volume

- Level of service

FFS - Free-flow speed
BFFS - Base free-flow speed

E - Exhibits 23-8, 23-10, 23-11
fp - Page 23-12

LOS, S, FFS, Vp - Exhibits 23-2, 23-3

= . —— < 7
£ 0 pree o Speed FIS = T il —— T ,:_Iiuﬂ_h_:_ .7 Application Input Qutput
E ! BE riih_| £ T “—}% o Operational [LOS) FFS, B, w, L0s, 5. D
w0 50 i - (5D “‘"*-‘“s{\\ Design (M) FFS, LOS, v, M, 5D
& i NE "'\\\\ Design (v,) FFS, LOS, N w50
T " = K r r [ e
% - N e 5 N Plarining (LOS) FFS, N, AADT L0S, 5, D
# 10 -;ﬁ’_ . s < e - Planning () FF3. LOS, AADT N5 D
s SO A VT L - Planning (¢} FFS, LOS, N ¥, S D
5 W ﬁ“?}r_\‘ﬁ L Y ol 9 %! I
= 0 400 300 1200 TG00 2000 2400
Flowe Rate: {pefhiin)
General Information [Site Information
IAnalyst AJB Highway/Direction of Travel 1-40 Westbound
IAgency or Company RSA From/To 1-40 @ McCrory Entrance Ramp
Date Performed 10/5/2005 Jurisdiction Davidson County, TN
[Analysis Time Period AM Peak Hour Analysis Year 2004 Existing Traffic
Project Description  Biltmore
¥ Oper.(LOS) ™ Des.(N) ™ Planning Data
Flow Inputs
\Volume, V 1136 veh/h Peak-Hour Factor, PHF 0.92
AADT veh/day %Trucks and Buses, P; 12
Peak-Hr Prop. of AADT, K %RVs, P 3
Peak-Hr Direction Prop, D General Terrain: Rolling
DDHV = AADT x K x D veh/h Grade % Length mi
Driver type adjustment 1.00 Up/Down %
Calculate Flow Adjustments
fp 1.00 Eg 2.0
E; 25 fly = VIL+P(Er - 1) + Pr(Eg - 1)] 0.826
Speed Inputs Calc Speed Adj and FFS
Lane Width 12.0 ft .
Rt-Shoulder Lat. CI 6.0 ft f o0 mi
-Shoulder Lat. . earance . e 0.0 mi/h
Interchange Density 0.50 I/mi ,
fio 0.0 mi/h
Number of Lanes, N 2 ‘ _
FFS (measured) mi/h N 45 mi/h
Base free-flow Speed, BFFS 70.0 mi/h FFS 65.5 mi/h
LOS and Performance Measures Design (N)
Design (N)
Operational (LOS) i
v_=(V or DDHV)/(PHF x N xf ., xf) 747 /h/l Design LOS
= c/h/in
p Hv % Tp P v, = (V or DDHV) / (PHF x N X fy, xT.) pc/h
S 65.5 mi/h )
D=v /S 114 c/mill mi/h
=v . mi/ln
b p D=Vp/S pc/mi/in
LOS B i
Required Number of Lanes, N
Glossary Factor Location
N - Number of lanes S - Speed o .
) Ex - Exhibits23-8, 23-10 fLW - Exhibit 23-4
V- Hourly volume D - Density

f, . - Exhibit 23-5
f,, - Exhibit 23-6
fi, - Exhibit 23-7
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